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GC–MSAbstract This study investigates the microbial proﬁle and antimicrobial activity of four marine
microalgae species, Tetraselmis chuii, Nannochloropsis salina, Isochrysis galbana and Chlorella salina
used in aquaculture of Dicentrarchus labrax in the post larval stage to estimate which was the best
algal species that could be used as a green water technique and achieving the maximum rate of
growth and survival of D. labrax post larvae. The results represented a signiﬁcant increase in the
length and width of D. labrax at p< 0.05 recorded in the case of enrichment with I. galbana
followed by N. salina, and the most weight was recorded in the case of N. salina as compared with
the control. Signiﬁcant increase in percentage of survival of D. labrax was recorded in the case of
C. salina and T. chuii (70% and 60.1%, respectively) as compared with the control (22%). The
antibacterial activity (AU) of the different microalgal ethanolic extracts against ﬁsh indicator
pathogens was determined. The results indicated that the ethanolic extracts of C. salina and T. chuii
have the most positive records against the ﬁsh indicator pathogens (Escherichia coli, Pseudomonas
aeruginosa, Vibrio damsela, Vibrio ﬂuvialis and Aeromonas hydrophila). The current study
was extended to determine the GC–MS of ethanolic extract of C. salina and T. chuii. The main con-
stituents detected in the ethanolic extract were organic acids like hexadecanoic acid, octadecanoic
acid, and an acyclic diterpene alcohol like phytol.
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Overuse of antibiotics, appeared to be ineffective in aquacul-
ture and mariculture. It not only increased bacterial resistance,
damaged normal microﬂora of the culture environment
causing microdysbiosis, as double pollution; but also caused
252 H.S. El-Sayed et al.antibiotics residues to accumulate in aquatic products posing
risk for human consumption. Counter measures have been
taken including Integrated Disease and Pest Management
(Li, 2008), especially by using beneﬁcial microorganisms. Sus-
tainable aquaculture or mariculture requires setting up of clean
culture models by Basal medium (BM) with no toxin, no side
effects, no residue, and no resistance, while it is effective in
improving the environment and in raising the immunity of cul-
tured animals, in reducing diseases and in maintaining eco-
equilibrium (Bao and Shen, 2005).
As a key cost-saving step, antibiotics are commonly
employed in most ﬁsh aquacultures to prevent disease.
However, the risk in this practice is that antibiotic-resistant
pathogens may be spread out along with wastewater to cause
serious environmental pollution. To address this problem, an
attempt is made to develop a safer, more effective and less
expensive biological bactericide for aquaculture use. Docu-
mentation is required to evaluate the use of the biocontrol
system as an alternative method for inhibition of the ﬁsh
pathogenic bacteria in infected ﬁsh farms (Anne-Marie
et al., 2003).
Microalgae are commonly used in the rearing of marine
ﬁsh larvae. They are either added directly to water in the
rearing tanks, when applying the ‘‘green water’’ technique
(Reitan et al., 1997), or used as food for rotifers. Addition
of microalgae often has a positive effect on the survival rates
of ﬁsh larvae (Oie et al., 1997). Fishes are susceptible to a
wide variety of bacterial pathogens (Schmidt et al., 2000).
Many of these bacteria capable of causing disease are consid-
ered by some to be saprophytic in nature (Toranzo et al.,
2005). These bacteria only become pathogens when ﬁshes
are physiologically unbalanced, nutritionally deﬁcient, or
there are other stressors, i.e., poor water quality, overstock-
ing, which allow opportunistic bacterial infections to proceed
(Anderson, 1995).
Antimicrobial activity of microalgae cultures has been
shown in earlier studies (Duff et al., 1966; Austin et al.,
1992). This antimicrobial activity could be explained by the
bacteria present in the microalgae cultures (Dopazo et al.,
1988), or by antimicrobial substances produced by the micro-
algae cells (Marshall et al., 2003; Guedes et al., 2011). KoKou
et al. (2012) examined the antimicrobial activity for ﬁve cul-
tures of microalgae (Chlorella minutissima, Tetraselmis chuii,
Nannochloropsis sp., Arthrospira platensis and Isochrysis sp.)
with no culturable bacteria for testing their ability to inhibit
the growth of six Vibrio bacterial strains (Vibrio parahaemolyt-
icus, Vibrio anguillarum, Vibrio splendidus, Vibrio scophthalmi,
Vibrio alginolyticus and Vibrio lentus.
Furthermore, recent advances in algal culture techniques
have placed microalgae in a unique position over many other
marine organisms, as algae can be cultured under conditions
that maximize the production of the desired compound
(Chisti, 2007). Thus, the investigation of marine microalgae
for their antimicrobial activity is likely to ﬁnd compounds that
can be used in the aquaculture industry. Microalgae are known
to produce compounds intracellularly and extracellular, how-
ever, as a large proportion of these compounds is not excreted
but remains within the cells (Das and Pradhan, 2010; Guedes
et al., 2011).
Majority of hatchery protocols in larval rearing systems
aim to stop using the addition of algae in the post larval rear-
ing water starting from the age of one month after hatching forsaving algae consumption and increasing the cost of their cul-
turing and labor. So, the aims of this study were (i) Determi-
nation of microbial proﬁle associated with the cultures of
selected microalgae species during 6 weeks of batch cultures,
(ii) Evaluation the using different microalgae species as green
water on the growth of enriched Dicentrarchus labrax post
larvae during 6 weeks (iii) Determination of the antagonism
effect of different microalga ethanolic extracts in vitro against
some pathogenic bacterial strains and identiﬁcation of the
most potent ones using GC–MS.Materials and methods
Reference bacterial strains
The indicator bacteria used during this work were; Aeromonas
hydrophila, Staphylococcus aureus ATCC 6538, Vibrio damsela,
Vibrio ﬂuvialis, Streptococcus faecalis and Escherichia coli pro-
vided by the culture collection of the Microbiology laboratory,
National Institute of Oceanography and Fisheries, Alexandria,
Egypt.
Chemicals and media
Ingredients of media were all of analytical grade and obtained
from recognized chemical suppliers (mainly Oxoid Co.). Media
used for isolation and enumeration of the different bacterial
groups were; Seawater agar (Zobell, 1946) for determining
viable aerobic heterotrophic bacteria, Mannitol salt agar
(Abo-Elela and Farag, 2004) for isolating Staphylococcus
spp., Thiosulfate citrate bile salt sucrose agar (TCBS)
(Kobayashi et al., 1963) for isolating Vibrio spp., m-endo-les
agar medium (ISO9308/1,1990) for isolation of total coliform,
mFC agar medium (ISO9308/1,1990) used for isolation of
E. coli and m-Enterococcus agar medium (ISO9308/2, 1984)
used for isolation of S. faecalis.
Counting and isolation of bacterial isolates
Serial dilutions from 102 to 106 were made using ﬁltered
sterilized seawater. A portion (0.1 ml) from each appropriately
diluted sample was used to inoculate plates prepared with sea-
water agar for total bacterial counting. Plates of six selective
media were inoculated with 0.1 ml of dilution sample for
counting the different bacterial groups: TC (total coliform),
EC (E. coli), SF (S. faecalis), Vibrio spp., S. aureus ATCC
6538 and A. hydrophila. Puriﬁcation of bacterial colonies was
obtained by streaking a single colony on agar plates of the
same medium. The pure colonies obtained were transferred
to fresh prepared slants. Sub-cultures were kept at 4C.
Larvae culture
Four green water techniques plus control (clear water) were
carried out using post larvae obtained from eggs derived from
induced spawning of D. labrax broadstock kept at the marine
hatchery of National Institute of Oceanography and Fisheries
(NIOF), Alexandria, Egypt. After hatching of eggs, the newly
hatched larvae were reared in a conventional way till the post
larva stage. Once, the age reached 30 DAH (one month), the
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groups in triplicates of 200 L cylindro – conical ﬁber glass
tanks. This experiment was concentrated on applying only
one variable in the green water technique. Four different
microalgae species namely Nannochloropsis salina (Eustig-
matophyte); Chlorella salina (Chlorophyte); T. chuii (Parasino-
phyte) and Isochrysis galbana (Chrysophyte) were chosen for
this study. The pure strains were obtained from the currently
pure culture collections in algal lab. presented in the marine
hatchery in NIOF, applied as green water techniques and also
for enriching live food (Artemia metanuplii) used in post larval
rearing period until become juveniles and study their antimi-
crobial effects on survival, larval development that compared
with the control clear water. The daily work was siphoning
bottom dirts and only adding the speciﬁc alga for each tank
without changing any water during the experiment except for
the control (formal work of exchanging water was done for
control tanks as usual).
The feeding regime
The feeding schedule for the post larvae was by adding
enriched Artemia metanauplu¨ in density ranging from 5 to 6
individuals’ ml1 according to grading age and then the larvae
were adapted to feed on pellets starting from day 40 DAH with
size (100–200 lm) at (0.1 gm/ 100 L). The enrichment of
Artemia metanauplii was applied using the same speciﬁc
microalga for each tank. The algal densities in the rearing
tanks were determined according to the cell size of each algal
species as follow: (as described in the manual of hatchery pro-
duction of sea bass and sea bream in the FAO (1999). The light
intensity was moderate along the experiment and not direct
light (800 lux). The aeration was appropriate and was supplied
with an air blower. Mean total length, width, weight, mortality
rates of larvae as well as microbiological pathogenic organisms
count were accessed weekly for 6 weeks as post larval rearing
period.
Algae and live prey culture
Microalgae were mass- cultured and used at peak concentra-
tion. Intermediate volumes (2 and 20 L) were used to inoculate
30 L plastic bags and then up scaled in a 200 L transparent
ﬁber glass cylinder at 24 ± 1 C and a salinity of
35 ± 1g L1 in ﬁltered and sterilized sea water from the East-
ern Harbor with F/2 nutritive medium according to Guirllard
(1975) for C. salina and N. salina and the Conway medium as
described in Al Ansari (2007) for I. galbana and T. chuii.
Artemia cysts were decapsulated and incubated under standard
conditions (Sorgeloos et al., 2001) and the newly hatched nau-
plii were washed and concentrated before use.
Preparation of microalgal extracts
According to Wang et al. (2007), 0.1 g dry powder was mixed
with 2 ml absolute ethanol and shaken for 24 h at 20 C in the
dark. The mixture was separated by high-speed centrifugation
and the extraction procedure repeated twice. The ethanolic
extracts were evaporated to dryness and the residue re-dis-
solved in 2 ml DMSO stock solution (50 mg/ml).Antibacterial activity against indicator strains
Fifty milliliters of nutrient agar medium inoculated with
indicator microorganisms were poured into all plates. After
solidifying, wells were punched out using a 0.5 cm cork borer,
and each of their bottoms was then sealed with two drops of
sterile water agar. One hundred microliters of tested microal-
gal extracts were transferred into each well after sterilizing
using 0.22 ll sterilized ﬁlters. After the incubation period,
the radius of clear zone around each well (Y) and the radius
of the well (X) were linearly measured in mm. The absolute
unit (AU) of each crude extract, which indicates a positive
result in the antimicrobial action, was calculated according
to the following equation (Yang et al., 1992): AU = pY2/pX2.
Chemical analysis of algal extracts using gas chromatography–
mass spectrometry (GC–MS analysis)
The GC–MS analysis was done with standard speciﬁcation by
using GC–MS model Hewlett Packard HB 5890 gas liquid
chromatography (GLC) coupled with 5989 B series mass spec-
trometer (MS). The temperature gradient program was
adopted for the evaporation of organic solvent to identify
the chemical constituent. The initial temperature was 70 C
and gradually accelerated to 250 C at a rate of 10 C per min-
ute. The sample was injected at 250 C after 18 min. The max-
imum peaks representing mass to charge ratio characteristics
of the antimicrobial fractions were compared with those in
the mass spectrum library of the corresponding organic com-
pounds (Pandey et al., 2010). The concentration of such com-
pounds was calculated by the following formula: Compound
concentration percentage = [P1/P2] · 100, where, P1 is the
peak area of the compound and P2 is the whole peak area in
the fractionated extracts.
Statistical analysis
Data were analyzed and the treatments compared using the a
one-way ANOVA with 95% conﬁdence limits (p< 0.05) by
using SPSS statistical program.
Results
Bacterial pathogens in different algal treatments along six weeks
of growth of Dicentrarchus labrax post larvae
During the enrichment period (6 weeks) of D. labrax post
larvae with different algal species (T. chuii, N. salina, C. salina
and I. galbana), the microbial proﬁles were determined
(Table 1).
The results showed that, the total bacterial count decreased
linearly from the 1st to 6th week in the case of T. chuii and I.
galbana (Table 1). The highest value of total count was
recorded at the end of the 1st week with N. salina treatment,
followed by I. galbana. On the other hand, there was a sharp
increase in the total bacterial count in the case of the control
from 1st to 2th week.
In case of TC, their count was not detected in all treatments
except in the 2nd week with the control and C. salina (Table 1).
Table 1 Bacterial pathogens in different algal treatments along six weeks of growth of D. labrax post larvae.
Algal species Week Total bacterial count
Total
coliform
Escherichia coli Streptococcus
faecalis
Vibrio spp. Staphylococcus aureus
ATCC 6538
Aeromonas
hydrophila
Total count
Control 1 0.0 0.0 64.0 ± 2.0 0.0 3003.0 ± 7.2 0.0 1000.0 ± 10.0
2 2 ± 1 0.0 0.0 0.0 800.0 ± 10.5 0.0 3317.0 ± 120.0
3 0.0 0.0 10.7 ± 2.1 151.3 ± 3.2 800.3 ± 11.5 5.7 ± 1.5 2001.7 ± 7.6
4 0.0 0.0 71.7 ± 4.7 3.7 ± 1.5 53.7 ± 11.9 0.0 1004.7 ± 4.2
5 0.0 3.0 ± 1.0 34.3 ± 1.5 0.0 351.3 ± 13.1 0.0 189.0 ± 10.5
6 0.0 0.0 118.0 ± 3.6 270.7 ± 6.03 501.3 ± 4.16 0.0 150.7 ± 4.04
T. chuii 1 0.0 0.0 14.0 ± 3.0* 0.0 1896.7 ± 28.1* 0.0 1251 ± 7.1*
2 0.0 0.0 0.0 0.0 200 ± 13.0* 0.0 1345 ± 19.9*
3 0.0 0.0 11.0 ± 2.0 203.0 ± 7.0* 0.0* 30.3 ± 3.5* 909.0 ± 6.6*
4 0.0 0.0 7.33 ± 1.20* 0.0* 0.0* 0.0 802.7 ± 6.4*
5 0.0 0.0* 144.7 ± 11* 49.7 ± 3.5* 270.7 ± 6.0* 0.0 299.7 ± 10.5
6 0.0 0.0 114.0 ± 4.0 9.7 ± 1.5* 50.3 ± 2.5* 0.0 70.3 ± 2.5*
N. salina 1 0.0 33.0 ± 3.0* 0.0* 0.0 3103.0 ± 15.7* 0.0 3493.3 ± 30.6*
2 0.0 0.0 0.0 0.0 251.0 ± 6.6* 0.0 947 ± 10.8*
3 0.0 0.0 17.0 ± 5.0 70.0 ± 3.0* 500.3 ± 11.5* 17.7 ± 1.5* 832.3 ± 11.7*
4 0.0 0.0 4.33* ± 1.5 49.3 ± 3.0* 80.3 ± 2.5* 0.0 571.3 ± 7.1*
5 0.0 0.0* 26.7 ± 1.5 0.0 303.0 ± 6.1* 0.0 120.3 ± 4.5*
6 0.0 0.0 349.3* ± 6.03 30.0 ± 3.0* 198.7 ± 4.2* 0.0 250.0 ± 6.0*
C. salina 1 0.0 0.0 4.0* ± 1.0 0.0 3000.7 ± 14 0.0 1346.7 ± 25.2*
2 40.7 ± 3.1* 0.0 0.0 0.0 799.7 ± 10.5 0.0 1800.0 ± 10.0*
3 0.0 0.0 75.0 ± 10.0* 150.0 ± 10.0 806.3 ± 25.1 62.3 ± 8.7* 700.0 ± 5.0*
4 0.0 0.0 40.0 ± 2.0* 2.0 ± 1.0 50.0 ± 5.0 0.0 300.0 ± 10.0*
5 0.0 0.0* 49.3 ± 3.0* 0.0 348.3 ± 7.6 0.0 100.0 ± 10.0*
6 0.0 0.0 118.3 ± 4.5 10.3 ± 3.5* 0.0* 0.0 298.3 ± 8.6*
I. galbana 1 0.0 0.0 15.3* ± 2.1 0.0 1999.7 ± 12.5* 0.0 2736.7 ± 51.3*
2 0.0 0.0 0.0 0.0 101.7 ± 7.6* 0.0 1499.7 ± 12.5*
3 0.0 0.0 7.30 ± 1.5 198.3* ± 12.6 0.0* 16.3 ± 3.1* 1001.7 ± 17.6*
4 0.0 0.0 130.3* ± 2.5 0.0* 0.0* 0.0 800.0 ± 15.0*
5 0.0 0.0* 0.0 0.0 250 ± 5.0* 0.0 500.3 ± 3.5*
6 0.0 3.0* ± 1.0 0.0 89.0 ± 3.68 249.0 ± 4.6* 0.0 297.3 ± 9.3*
Data presented are the mean ± standard deviation of three replicates.
* Results are signiﬁcantly different than the control at (P< 0.05).
254 H.S. El-Sayed et al.E. coli was not detected almost along the period of experi-
ment (6 weeks) except in only three cases from totally thirty
cases. It was recorded at the end of the 1st week with N. salina,
and in the 6th week in the case of I. galbana, but it was recorded
with the control and in the 5th week. (Table 1). On contrary, S.
faecalis was not detected at the end of the 2nd week in all treat-
ments, while it reached its maximum at the end of the 6th week
in the case of N. salina and C. salina. Fish-pathogenic bacteria
such as Vibrio spp., Staphylococcus spp. and A. hydrophila were
also detected along the period of aquaculture of D. labra post
larvae. Data in Table (1) conﬁrmed that the Vibrio spp was
absent absolutely in both 1st and 2nd weeks in all treatments,
while it was detected in the 3rd week in all treatments. It had
the lowest counts with enrichment with T. chuii and C. salina
at the end of the experiment (Table 1).
In the case of Staphylococcus spp., it recorded the highest
number during the experiment for all treatments. It was
appeared in the 1st week with the highest count in all treat-
ments. It decreased gradually until the end of the experiment,
and it disappeared with I. galbana and T. chuii in the 3rd and
4th weeks, in the 6th week in the case of C. salina (Table 1). A.
hydrophlia was recorded only in all treatments at the end of the
3rd week. It disappeared in the rest of treatments and weeks.The different growth parameters of D. labrax post larvae
at different algal treatments
The main growth parameters of D. labrax such as length,
weight, width and percentage of survival were estimated at
the end of the experiment (after 6 weeks). Data shown in
Fig. 1 that the higher length and width of D. labrax were
recorded in the case of enrichment with I. galbana followed
by N. salina, and its most weight was recorded in the case of
N. salina, and this increase was signiﬁcantly different than
the control at (P< 0.05). The signiﬁcant increase in percent-
age of survival of D. labrax was recorded in the case of C. sal-
ina and T. chuii (70% and 60.1%, respectively) as compared
with the control (22%).Antibacterial activity (AU) of the different microalgal extracts
against some ﬁsh indicator pathogens
The antibacterial activity (AU) of the different microalgal eth-
anolic extracts against some ﬁsh indicator pathogens was
determined (Table 2). The results presented indicated that
the extract of C. salina had the most positive records against
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Figure 1 The different growth parameters of D. labrax; length (A), weight (B), width (C) and survival% (D) corresponding to different
treatments as compared with control after 6 weeks. Data presented are the mean of three replicates, *Results are signiﬁcantly different
than control at (P< 0.05).
Table 2 Antibacterial activity (AU) of the different microalgal extracts against some ﬁsh indicator pathogens.
Indicator pathogens Microalgal extract
I. galbana T. chuii N. salina C. salina
E. coli 2.4 ± 0.20 5.4 ± 0.30 2.9 ± 0.20 5.4 ± 0.30
P. aeruginosa – 1.7 ± 0.10 – 2.1 ± 0.10
S. faecalis 2.1 ± 0.0.1 – 1.7 ± 0.0.9 –
S. aureus – – – –
B. cereus – – 2.8 ± 0.20 –
V. damsela – 4.0 ± 0.20 – 5.4 ± 0.10
V. ﬂuvialis 2.4 ± 0.10 – – 2.8 ± 0.20
A. hydrophila – 9.0 ± 0.3.0 – 4.0 ± 0.30
Data presented are the mean ± standard deviation of three replicates.
Effects of short term feeding of some marine microalgae 255the ﬁsh indicator pathogens especially E. coli, Pseudomonas
aeruginosa, V. damsela, V. ﬂuvialis and A. hydrophila, while
the highest AU value occurred by T. chuii against A. hydrophil-
a. In addition, both extracts of T. chuii and C. salina had valu-
able inhibition (AU= 5.4 ± 0.30) against E. coli. On the
other hand, the extract of N. salina had the lowest AU values.
It was clearly observed that there was no AU done by all mic-
roalgal extracts against S. aureus.
MS proﬁle of ethanolic crude extracts of C. salina and T. chuii
The current study was extended to determine the GC–MS of
ethanolic extracts of C. salina and T. chuii which have the
highest AU activity against some ﬁsh indicator pathogens.The main constituents detected in the GC–MS proﬁle of the
two algal species were hexadecanoic acid, octadecanoaic acid
and acyclic diterpene alcohol (like phytol). The major
constituents were represented in Fig. 2 and Table 3, and their
chemical formulae were represented in Fig. 3).
Discussion
The application of the ‘‘green water’’ technique is commonly
used in the rearing of marine ﬁsh larvae or used as food for
rotifers (Reitan et al., 1997).
The numbers of bacteria (total coliforms (TC), E. coli (EC)
and Streptococci faecalis (SF), as well as ﬁsh pathogenic bacte-
ria such as; Vibrio spp., Staphylococcus spp. and A. hydrophila)
Figure 2 GC–MS proﬁle of ethanolic crude extracts of C. salina (A) and T. chuii (B).
256 H.S. El-Sayed et al.associated with the microalgae cultures were detected. The
obtained results showed that, the total bacterial counts
decrease linearly from the 1st to 6th week in the case of T. chuii
and I. galbana. The highest value of total count was recorded
at the end of the 1st week with N. salina treatment, followed by
I. galbana, while the control and T. chuii had the lowest record.
On the other hand, there was a sharp increase in the total bac-
terial counts in the case of the control from the 1st to 2th week.
Gram et al. (2001) concluded that, many Gram-positive
bacterial strains were detected in the cultures; algal species
could mean that any possible antimicrobial activity might have
been selectively directed against Gram-negative bacterial
strains only. On the other side, Ibrahim and El-Shenawy
(2008) concluded that the combination of the three fecal indi-
cators is likely to offer a representative tool of water quality.
Du¨g˘ncl and Candan (2003) reported that A. hydrophila is a
highly pathogenic bacteria to both cultured and wild ﬁshes,
while, the present results showed that, A. hydrophlia was
recorded only in all treatments with different algal species atthe end of the 3rd week. It disappeared in the rest of treatments
and weeks. This inhibition may include bactericidal action or
competition of other bacterial populations associated with
the microalgae or production of antimicrobial substances by
the microalgal cells.
The results of KoKou et al. (2012) revealed that the micro-
algae C. minutissima, T. chui, Nannochloropsis sp., A. platensis
and Isochrysis sp cultures inhibited the growth of V. parahae-
molyticus, V. anguillarum, V. splendidus, V. scophthalmi, V. alg-
inolyticus and V. lentus as compared with the control
treatments (P< 0.05). In the control groups, the number of
bacteria increased exponentially during the experimental per-
iod in the absence of microalgae cells demonstrating that the
bacterial cells were able to utilize the growth medium of mic-
roalgae cultures.
The main growth parameters of D. labrax such as length,
weight and width and percentage of survival were estimated
at the end of the experiment (after 6 weeks). Data represented
that the most length and width of D. labrax were recorded in
Table 3 GC–MS of major components in the C. salina and T. chuii ethanolic extracts.
Serial No. Retention Time Probability Compound name Molecular weight Area %
Chlorella salina
1 5.05 30.29 Benzene, 1,3-dimethyl- 106.17 0.66
2 14.43 32.09 Dodecane 170.33 0.77
3 17.03 32.80 Naphthalene, 2-methyl- 142.19 0.67
4 17.29 30.83 Tridecane 184.36 0.72
5 20.01 40.49 Tetradecane 198.39 2.66
6 22.53 30.84 Pentadecane 212.41 1.00
7 22.84 56.73 Phenol, 2,4-bis(1,1-dimethylethyl)- 206.32 0.42
8 24.90 25.28 Hexadecane 226.44 2.20
9 32.56 81.03 Hexadecanoic acid (Palmitic acid) 256.42 6.07
10 35.29 80.73 Phytol 296.53 2.36
11 38.35 91.45 Octadecanoic acid, propyl ester 326.56 0.68
12 44.24 98.21 Octabenzone 326.43 19.03
Tetraselmis chuii
1 5.07 34.31 Benzene, 1,3-dimethyl- 106.17 1.42
2 5.61 27.04 p-Xylene 106.17 1.67
3 14.43 32.62 Dodecane 170.33 0.80
4 17.29 30.31 Tridecane 184.36 0.78
5 20.01 33.92 Tetradecane 198.39 2.64
6 22.53 35.13 Pentadecane 212.41 1.16
7 22.84 40.14 Phenol, 2,4-bis(1,1-dimethylethyl)- 206.32 0.48
8 32.56 83.24 Hexadecanoic acid (Palmitic acid) 256.42 5.73
9 34.88 42.63 n-Propyl hexadecanoate 298.50 1.11
10 35.29 71.94 Phytol 296.53 0.56
11 38.35 91.86 Octadecanoic acid, propyl ester 326.56 0.70
12 44.24 98.27 Octabenzone 326.43 19.18
n-Hexadecanoic acid (Palmitic acid) Phytol 
Octadecanoaic acid, propyl ester
Octabenzone
Figure 3 The chemical formula of the major compounds in the mass spectra of ethanolic extracts of C. salina and T. chuii.
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and its highest weight was recorded in the case of N. salina.
The highest percentage of survival of D. labrax was recorded
in the case of C. salina (70%) as compared with the control
(22%). These results illustrate that the effect of enrichment
with the four algal species on the behavior of D. labrax post
larvae is subtle. These results coincided with the results
obtained by Zaki and Saad (2010) who revealed that sea bass
larvae attained their maximum growth and survival (3.5 cm
and 79%, respectively) by using C. salina as enrichment and
as a green water treatment. Thus, any improvement in the
growth parameters or survival associated with green water is
most likely a result of the indirect effects that the microalgae
might have on the nutritional quality of their food, and/or
on their physiology (Reitan et al., 1997).
The results presented were indicative that the extract of C.
salina had the most positive records against the ﬁsh indicatorpathogens especially E. coli, P. aeruginosa, V. damsela, V. fuliv-
ialis and A. hydrophila, while the highest AU value occurred
with T. chuii against A. hydrophila. The results of the present
study may explain the low levels or absence of Vibrio strains
in microalgae cultures, and the positive effect of addition of
microalgae in the rearing of ﬁsh larvae, and implicate the pro-
duction of antibacterial compounds by microalgal cells.
In addition, both extracts of T. chuii and C. salina had valu-
able inhibition (AU= 5.4) against E. coli. There were previ-
ously similar observations with the extracts of certain marine
algae against E. coli, P. aeruginosa, S. aureus (Ananatharaj
et al., 2004; Chandrasekaran et al., 2005).
Also, the current study showed that C. salina and T. chuii
exhibited higher antimicrobial features against the strongest
pathogen for sea bass larvae (Vibrio damsela) with AU values
of 5.4 and 4.0, respectively. The same achievements were
obtained for C. minutissima and T. chuii studied by Makridis
258 H.S. El-Sayed et al.et al. (2006). Thus the results of this study demonstrate a sim-
ple and practical approach to decrease the microbial load and
at the same time may reduce the percentage of Vibrio among
the bacteria associated with enriched Artemia.
Austin et al. (1992), also, reported that, Tetraselmis suecica
when used as a food supplement for ﬁsh, the algal cells
inhibited laboratory induced infection in Atlantic salmon. Li
and Tsai (2009) attempted to culture Nannochloropsis oculata
in a way that would provide an organism against pathogenic
infections.
The obtained results of GC–MS revealed the presence of
Hexadecanoic acid (Palmitic acid) (6.07 and 5.73%) in the eth-
anolic extract of C. salina and T. chuii, respectively which have
antimicrobial activity. Other constituents were detected in eth-
anolic extracts of C. salina and T. chuii such as; organic acids
(like octadecanoaic acid) and acyclic diterpene alcohol (like
phytol); which is an acyclic diterpene alcohol that can be used
as a precursor for the manufacture of synthetic forms of vita-
mins E and K1 (Netscher, 2007), also it is a constituent of chlo-
rophyll, which is then converted to phytanic acid and stored in
fats in some animals (Brink and Wanders, 2006). Indirect evi-
dence has been provided that signiﬁcant amounts of phytol
came from the hindgut fermentation of plant materials
(Watkins et al., 2010; Moser et al., 2013). The present data col-
lected on the antibacterial activity of such compounds matched
with hypotheses of other workers (Abo-Elela et al., 2009;
Manilal et al., 2009; Ibrahim and Abd El-Naby, 2010;
Ibrahim, 2012; Ibrahim et al., 2012).
In accordance to our study, Agustini (2009) concluded that
T. chuii have bioactive components from fatty acid and ester
groups which can be used as antibacterial agents that are capa-
ble of inhibiting the growth of E. coli and S. Aureus. Lauric,
palmitic, linolenic, linoleic, oleic, stearic and myristic acids
are known to have potential antibacterial and antifungal
agents; Seidel and Taylor, 2004; Agoramoorthy et al., 2007).
Many fatty acids are known to have antibacterial and anti-
fungal properties (Russel, 1991).
The antimicrobial activity of microalgae has been attrib-
uted to compounds belonging to several chemical classes,
including indoles, terpenes, acetogenins, phenols, fatty acids
and volatile halogenated hydrocarbons (Mayer and Hamann,
2005; Cardozo et al., 2007; Agustini, 2009) for instance, the
antimicrobial activity of supercritical extracts obtained from
the microalga Chaetoceros muelleri was related to its lipid com-
position (Mendiola et al., 2007).
Jaya et al. (2013) showed that the bioactive compounds
present in T. chuii extract were fatty acids, esters, alcohols,
ketones, benzene, and alkanes. The functionality of extracellu-
lar microalgal products act as inhibitors and trigger growth
compounds. T. chuii has bioactive components such as fatty
acids and esters and are used as antibacterial agents.
Bai and Krishnakumar (2013) showed that methanol plus
chloroform (1:1) crude extract of T. suecica showed conﬁrmed
considerable activity against gram negative bacteria than gram
positive human pathogens. GC–MS analysis revealed the pres-
ence of unique chemical compounds like 1-ethyl butyl 3-hexyl
hydroperoxide (MW: 100) and methyl heptanate (MW: 186)
respectively for the crude extract of T. suecica. Different fatty
acids such as Methyl caproate, Methyl stearate, Decoic acid,
Palmitic acid, Nonoic acid and Caprylic acid with antimicro-
bial activity and pharmaceutical importance were identiﬁed.Similar results were obtained by Santoyo et al. (2009) who
reported that, ethanol extracts from Haematococcus pluvialis
possess antimicrobial activity against a Gram-ve bacterium,
E. coli, and a Gram + ve bacterium, S. aureus; this was once
again associated with the presence of short-chain fatty
acids, namely butanoic and methyl lactic acids. Results from
in vitro experiments cannot, however, be extrapolated to
explain the microbial conditions found in the different cultures
of D. labrax post larvae. It has been shown that such inhibition
in vitro of pathogens does not necessarily correspond to any
signiﬁcant effect in routine culture conditions (Gram et al.,
2001).
Conclusions
Our study undoubtedly conﬁrms the following points:
 The ‘‘green water’’ technique is applied here successfully in
the rearing of D. labrax larvae.
 Marine microalgae are known to produce bioactive com-
pounds both intra-cellular and extra-cellular. So, they could
be applied as an alternative for antibiotics that are
commonly employed in most ﬁsh aquacultures to prevent
disease.
 The counting of bacteria (total coliform, E. coli and S. fae-
calis, as well as ﬁsh pathogenic bacteria such as; Vibrios,
Staphylococci and A. hydrophila) associated with the micro-
algae cultures was shown in low counts or disappeared in
the different algal treatments (I. galbana, N. salina, C. salina
and T. chuii).
 The main growth parameters besides survival percentage of
D. labrax were improved with the different treatments as
compared with the control.
 Using of the two microalgae; C. salina and T. chuii for the
enrichment of D. labrax post larvae contain higher relative
percentage of the palmitic acid and other bioactive sub-
stances that have potential antimicrobial activities.
References
Abo-Elela, G.M., Farag, A.M., 2004. Bacteriological quality and
metal contents of Diplodus vulgarus and Siganus rivulatus in the
Eastern Harbour water: a comparative study of freshly harvested
and market ﬁsh. Egypt. J. Aquat. Res. 30 (A), 216–225.
Abo-Elela, G.M., Abd-Elnaby, H., Ibrahim, H.A.H., Okbah, M.A.,
2009. Marine natural products and their potential applications as
anti-infective agents. World Applied Sci. J. 7 (7), 872–880.
Agoramoorthy, G., Chandrasekaran, M., Venkatesalu, V., Hsu, M.J.,
2007. Antibacterial and antifungal activities of fatty acid methyl
esters of the blind-your-eye mangrove from Brazilian. J. Microbiol.
38, 739–742.
Agustini, N.W.S., 2009. Tetraselmis chuii Microalga Hijau yang
Berpotensi sebagai Penghasil Senyawa Antibakteri. Biotechnology
Research Center. LIPI, Serpong.
AL-Ansari, A., 2007. Technical manual for live food production,
(Composition of Conway Medium used for Chlorella Stock Culture
p. 10). Public Commission for the Protection of Marine Resources,
Ministry of Works and Agriculture.
Ananatharaj, M., Venkatesalu, V., Chandrasekaran, M., Sivasankari,
S., 2004. Screening of fatty acid methyl esters of marine algae for
antibacterial activity. Seaweed Res. Utilization 26, 87–92.
Effects of short term feeding of some marine microalgae 259Anderson, D.P., 1995. Novel techniques for ﬁsh disease diagnosis. In:
Shariff, M., Arther, J.R., Subasinghe, R.P. (Eds.), Diseases in
Asian Aquaculture II. Asian Fisheries Society, Manilla, Fish
Health Section, pp. 27–39.
Anne-Marie, B., Asbjorn, H., Kristian, S.T., Fredrik, H.J., 2003.
Removal of ﬁsh pathogenic bacteria in biological sand ﬁlters.
Water Res. 37, 2618–2626.
Austin, B., Baudet, E., Stobie, M., 1992. Inhibition of bacterial ﬁsh
pathogens by Tetraselmis suecica. J. Fish Dis. 15, 55–61.
Bai, V.D., Krishnakumar, S., 2013. Evaluation of antimicrobial
metabolites from marine microalgae Tetraselmis suecica using gas
chromatography–mass spectrometry (GC–MS) analysis. Int. J.
Pharm. Pharm. Sci. 5 (3), 17–23.
Bao, X., Shen, W., 2005. Manufacture and application of micro
ecological agents. In: www. BIOX. CN 2005-4-16.
Brink, D.M., Wanders, R.J.A., 2006. Phytanic acid: production from
phytol, its breakdown and role in human disease. Cell. Mol. Life
Sci. 63 (15), 1752–1765.
Cardozo, K.H.M., Guaratini, T., Barros, M.P., Falca˜o, V.R., Tonon,
A.P., Lopes, N.P., Campos, S., Torres, M.A., Souza, A.O.,
Colepicolo, P., Pinto, E., 2007. Metabolites from algae with
economical impact. Comp. Biochem. Physiol. C: Toxicol. Pharma-
col. 146, 60–78.
Chandrasekaran, M., Venkatesalu, V., Anantharaj, M., Sivasankari,
S., 2005. Antibacterial activity of fatty acid methyl esters of
Ipomoea pes-caprae (L.) Sweet. Indian Drugs 42, 275–281.
Chisti, Y., 2007. Biodiesel from microalgae. Biotechnol. Adv. 25, 294–
306.
Das, B.K., Pradhan, J., 2010. Antibacterial properties of selected
freshwater microalgae against pathogenic bacteria. Indian J. Fish.
57, 61–66.
Dopazo, C.P., Lemos, M.L., Lodeiros, C., Bolinches, J., Barja, J.L.,
Toranzo, A.E., 1988. Inhibitory activity of antibiotic producing
marine bacteria against ﬁsh pathogens. J. Appl. Bacteriol. 65, 97–
101.
Duff, D.C.B., Bruce, D.L., Anita, N.J., 1966. The antibacterial activity
of marine planktonic algae. Can. J. Microbiol. 12, 877–884.
Du¨g˘ncl, S.K., Candan, A., 2003. Isolation of Areomonas strains from
the Intestinal ﬂora of Atlantic salmon (Salmo salar L. 1758)
Turkish. J. Vet. Anim. Sci. 27, 1071–1075.
FAO, 1999. Manual for hatchery production of Sea Bass and Sea
Bream, Volume (1.2.3) Live Food For Marine Fish Larvae, Rome,
Italy.
Gram, L., Løvold, T., Nielsen, J., Melchiorsen, J., Spanggaard, B.,
2001. In vitro antagonism of the probiont Pseudomonas ﬂuorescens
strain AH2 against Aeromonas salmonicida does not confer
protection of salmon against furunculosis. Aquaculture 199, 1–11.
Guedes, A.C., Amaro, H.M., Malcata, F.X., 2011. Microalgae as
sources of high added-value compounds–a brief review of recent
work. Biotechnol. Progr. 27, 597–613.
Guillard, R.R.L., 1975. Culture methods and growth measurements.
In: Stein, J.R. (Ed.), Handbook of Phycological Methods. Cam-
bridge Univ. Press, pp. 289–311.
Ibrahim, H.A.H., Mohamed, S.Z., Abu El-Regal, M., Farhat, A.Z.,
2012. Antibacterial activity of some Red Sea soft corals, Egypt.
Blue Biotechnol. J. 1 (4), 497–516.
Ibrahim, H.A.H., El-Shenawy, M.A., 2008. Fecal indicator bacteria
and sanitary water quality along the Egyptian coasts of Aqaba
Gulf, Suez Gulf and Red Sea. Egypt. J. Aquat. Res. 34 (3), 187–
197.
Ibrahim, H.A.H., 2012. Antibacterial carotenoids of three Holithoria
species in Hurghada, Egypt. Egypt. J. Aquat. Res. 38, 185–194.
Ibrahim, H.A.H., Abd, El.-Naby F., 2010. Antimicrobial character-
istics of marine polychaetes collected from Alexandria beaches.
Egypt. J. Aquat. Res. 36 (4), 557–567.
Jaya, M.M., Adhianata, H., Zubaidah, E., 2013. Production and
Identiﬁcation of Antimicrobial Compounds from Marine Micro-
algae Tetraselmis chuii Using Ultrasound Assisted ExtractionMethod. In: Proceeding of International Conference of Food
Engineering and Biotechnology 2013, vol. 71.
Kobayashi, T., Enomato, S., Sakazaki, R., Kuwahara, S., 1963. A new
selective medium for pathogenic Vibrios. TCBS agar (modiﬁed
Nakanishi’s agar). Japanese. J. Bacteriol. 18, 387–391.
Kokou, F., Makridis, P., Kentrouri, M., Divanach, P., 2012.
Antibacterial activity in Microalgae. Aquacult. Res. 43 (10),
1520–1527.
Li, K., 2008. Extending Integrated Fish Farming Technology to
Mariculture in China. In: UNESCO/EOLSS Certiﬁcation No. 6–
58-08-10.
Li, S.S., Tsai, H.J., 2009. Transgenic microalgae as a non-antibiotic
bactericide producer to defend against bacterial pathogen infection
in the ﬁsh digestive tract. Fish Shellﬁsh Immunol. 26, 316–
325.
Makridis, P., Costa, R.A., Dinis, M.T., 2006. Microbial conditions
and antimicrobial activity in cultures of two microalgae species,
Tetraselmis chuii and Chlorella minutissima, and effect on bacterial
load of enriched Artemia metanauplii. Aquaculture 255, 76–81.
Manilal, A., Sujith, S., Kiran, G.S., Selvin, J., Shakir, C., Gandhima-
thi, R., Lipton, A.P., 2009. Antimicrobial potential and seasonality
of red algae collected from the southwest coast of India tested
against shrimp, human and phytopathogens. Ann. Microbiol. 59
(2), 207–219.
Marshall, B.M., Robleto, E., Dumont, T., Billhim, W., Wiandt, K.,
Keswick, B., Levy, S.B., 2003. The frequency of bacteria and
antibiotic resistance in homes that use and do not use surface
antibacterial agents. American Society of Microbiology, General
Meeting, Washington, DC, Poster A-147.
Mayer, A.M.S., Hamann, M.T., 2005. Marine pharmacology in 2001–
2002: marine compounds with anthelmintic, antibacterial, antico-
agulant, antidiabetic, antifungal, anti-inﬂammatory, antimalarial,
antiplatelet, antiprotozoal, antituberculosis, and antiviral activities;
affecting the cardiovascular, immune and nervous systems and
other miscellaneous mechanisms of action. Comp. Biochem.
Phycol. C 140, 265–286.
Mendiola, J.A., Torres, C.F., Martı´n-Alvarez, P.J., Santoyo, S., Tore´,
A., Arredondo, B.O., Sen˜ora´ns, F.J., Cifuentes, A., Iba´n˜ez, E.,
2007. Use of supercritical CO2 to obtain extracts with antimicrobial
activity from Chaetoceros muelleri microalga. A correlation with
their lipidic content. Eur. Food Res. Technol. 224, 505–510.
Moser, A.B., Hey, J., Dranchak, P.K., Karaman, M.W., Zhao, J.,
Cox, L.A., Ryder, O.A., Hacia, J.G., 2013. Diverse captive non-
human primates with phytanic acid-deﬁcient diets rich in plant
products have substantial phytanic acid levels in their red blood
cells. Lipids Health Dis. 12 (1), 10.
Netscher, T., 2007. Synthesis of Vitamin E. Vitam. Horm. 76, 155–202.
Oie, G., Makridis, P., Reitan, K.I., Olsen, Y., 1997. Protein and
carbon utilization of rotifers (Brachionus plicatilis) in ﬁrst feeding
of turbot larvae (Scophthalmus maximus L.). Aquaculture 153, 103–
122.
Pandey, A., Milind, M., Naik Dubey, S.K., 2010. Organic metabolites
produced by Vibrio parahaemolyticus strain An3 isolated from
Goan mullet inhibit bacterial ﬁsh pathogens Goa, India. Afr. J.
Biotechnol. 9 (42), 7134–7140.
Reitan, K.I., Rainuzzo, J.R., Oie, G., Olsen, Y., 1997. A review on the
nutritional effects of algae in marine ﬁsh larvae. Aquaculture 155,
207–221.
Russel, A.D., 1991. Mechanisms of bacterial resistance to nonantibi-
otics: food additives and food pharmaceutical preservatives. J.
Appl. Bacteriol. 71, 191–201.
Santoyo, S., Rodrı´guez-Meizoso, I., Cifuente, S.A., Jaime, L., Garcı´a,
G., Reina, B., Sen˜orans, F.J., Iba´n˜ez, E., 2009. Green processes
based on the extraction with pressurized ﬂuids to obtain potent
antimicrobials from Haematococcus pluvialis microalgae. Food Sci.
Technol. 42, 1213–1218.
Schmidt, A.S., Bruun, M.S., Dalsgaard, I., Pedersen, K., Larsen, J.L.,
2000. Occurrence of antimicrobial resistance in ﬁsh-pathogenic and
260 H.S. El-Sayed et al.environmental bacteria associated with four danish rainbow trout
farms. Appl. Environ. Microbiol. 66 (11), 4908–4915.
Seidel, V., Taylor, P.W., 2004. In vitro activity of extracts and
constituents of Pelargonium against rapidly growing mycobacteria.
Int. J. Antimicrob. Agents 23, 613–619.
Sorgeloos, P., Dhert, P., Candreva, P., 2001. Use of the brine shrimp,
Artemia spp., in marine ﬁsh larviculture. Aquaculture 200, 147–159.
Toranzo, A.E., Beatriz, M., Jesu´s, L.R., 2005. A review of the main
bacterial ﬁsh diseases in mariculture systems. Aquaculture 246 (1–
4), 37–61.
Wang, R., Hui, X., You, W., Wenli, Z., Xuexi, T., 2007. Effects of
three macroalgae, Ulva linza (Chlorophyta), Corallina pilulifera
(Rhodophyta) and Sargassum thunbergii (Phaeophyta) on the
growth of the red tide microalga Prorocentrum donghaiense under
laboratory conditions. J. Sea Res. 58, 189–197.Watkins, P.A., Moser, A.B., Toomer, C.B., Steinberg, S.J., Moser,
H.W., Karaman, M.W., Ramaswamy, K., Siegmund, K.D., Lee,
D.R., Ely, J.J., Ryder, O.A., Hacia, J.G., 2010. Identiﬁcation of
differences in human and great ape phytanic acid metabolism that
could inﬂuence gene expression proﬁles and physiological func-
tions. BMC Physiol. 10, 19.
Yang, R., Johnson, M.C., Ray, B., 1992. Novel method to extract
large amounts of bacteriocins from lactic acid bacteria. Appl.
Environ. Microbiol. 58 (10), 3355–3359.
Zaki, M.I., Saad, H., 2010. Comparative study on growth and survival
of larval and juvenile Dicentrarchus labrax rearing on rotifer and
Artemia enriched with four different microalgae species. Afr. J.
Biotechnol. 9 (24), 3576–3588.
Zobell, C.E., 1946. Marine Microbiology. Chronica Botanica, Wal-
tham, MA, 240 pp.
